Background. A community-based study of women who have sex with women (WSW) was performed to determine the burden of bacterial vaginosis (BV), and behavioral factors influencing the vaginal microbiota of women and their female sexual partners (FSPs), as measured by Nugent score (NS).
Bacterial vaginosis (BV) is a highly prevalent vaginal condition [1, 2] , associated with adverse obstetric sequelae [3] and increased risk of sexually transmitted infections and of human immunodeficiency virus infection in women and their male partners [4, 5] . Although its etiology is uncertain, BV is characterized by depletion of lactobacilli, and overgrowth of anerobic and highly specific fastidious BV-associated bacteria (BVAB) [6] . Vaginal wall biofilms, comprising predominantly Gardnerella vaginalis and Atopobium vaginae, have been implicated in the pathogenesis of BV [7, 8] .
There has been much debate regarding the sexual transmissibility of BV. Epidemiological studies show a consistent association between BV and sexual activity. BV is associated with increased numbers of sexual partners and inconsistent condom use, as shown by metaanalysis [9] , and in female students BV was strongly associated with penile-vaginal sex, rare in women engaging in noncoital practices, and absent in those reporting no sexual activity with others [10] . BVAB and BV-associated biofilms have been detected in the male coronal sulcus and urine, with detection influenced by sexual activity and male circumcision status [11] [12] [13] . Although most researchers concur that BV is associated with sexual activity, it is unknown whether this is because of transmission of BVAB between partners or because sexual activity affects colonization with protective Lactobacillus species [14] .
For reasons that are unclear, BV is particularly prevalent in women who have sex with women (WSW), with estimated prevalences of 25%-52% [15] [16] [17] [18] [19] . Sex with a female partner doubled the odds of BV by meta-analysis [9] , and Marrazzo et al [15, 20] reported that BV was associated with increasing numbers of female sexual partners (FSPs), an FSP with BV, and a range of sexual behaviors in WSW. High levels of Nugent score (NS) concordance, a rudimentary measure of the vaginal microbiota, have also been reported between monogamous FSPs [16, 19, 21] , with strain typing also showing that monogamous FSPs share identical lactobacillus strains [22] . Although these data support the concept of "exchange" of vaginal bacteria and BVAB between FSPs, sexual transmission of BV between women is unproved, with a behavioral intervention trial in WSW failing to reduce BV persistence [23] .
We conducted a community-based study of WSW across Australia to determine the burden of BV and to examine the behavioral and sexual factors influencing the vaginal microbiota, as measured by NS. Identifying potentially modifiable factors that could be subject to clinical trial and relevant to clinical management guidelines is considerably important to the field.
SUBJECTS AND METHODS

Recruitment and Clinical and Laboratory Methods
A cross-sectional study (Women on Women's Health Study; WOW) in WSW was conducted from March 2010 through July 2011. Women were eligible to participate if they were 17-55 years old, fluent in English, not pregnant, and identified as WSW. Women were not eligible if they had not had an FSP in the prior 18 months, had ceased menstruating, or had undergone a sex change.
Women were recruited from gay and lesbian festivals, community services, media, an entertainment event, universities, sexual health centers and Facebook. A free-call phone number and study website (www.wowhealth.org.au) was listed on advertisements. Eligible women were mailed a study pack consisting of 3 vaginal swab samples and slides (Copan FLOQSwabs; Interpath Services), instructions for self-sampling, a questionnaire, and an information and consent form. Women selfcollected a vaginal swab sample and slide weekly on 3 occasions and returned samples by mail. Self-collected samples for BV diagnosis are comparable to clinician-collected samples [24, 25] .
Participants completed an electronic or paper questionnaire with the last sample. Women were asked to identify participating FSPs, and data were linked if both consented.
Participants received results by post and/or passwordprotected website and received A$20 for participating. Women with a diagnosis of BV could print a results letter from the website to take to their physician. BV-negative participants were enrolled in a 2-year cohort study. Gram-stained vaginal smears were scored by an experienced microscopist according to the Nugent method and graded as: normal flora (NF; NS, 0-3), intermediate flora (IF; NS, 4-6), or BV (NS, 7-10) [26] . Slides that were difficult to score were read again independently by a second microscopist, and consensus was reached on discordant results. The highest NS of a participant's swab samples was used to determine her final NS category. Despite its acknowledged limitations, the NS was used as the measure to describe the vaginal microbiota in this population.
Statistical Methods
Data were analyzed for the study population and then stratified by (1) women coenrolled with their FSP (coenrolled WSW) and (2) women without a coenrolled FSP (noncoenrolled WSW). Analyses were performed using Stata software (version 12; StataCorp). Frequencies were calculated for demographic and behavioral data, and differences between groups were explored by using χ 2 , Fisher exact, and Mann-Whitney U tests, where appropriate. Proportions and 95% confidence intervals (CIs) were calculated using exact binomial methods. Women with BV (NS, 7-10) were compared with those with an NS of 0-6 ( primary analysis) or 0-3 (secondary analysis). Associations with BV were examined by univariate and multivariable logistic regression analysis. Variables were included in multivariable models if the P value was ≤.05. Models were built in a forward stepwise fashion, using the likelihood ratio test statistic to determine the significance of the contribution of each variable to the outcome before fitting the variable to the final model. If correlated, the variable most\strongly associated with the outcome was used. Multivariable analyses using interaction terms were also conducted, whereby we assessed the effect of coenrollment status on the association between each variable and BV in the study population. The concordance of NS categories in couples was examined using the κ statistic, and factors associated with concordant NS category examined by multivariable logistic regression analyses. All univariate and multivariable analyses accounted for clustering at the couple level, and all multivariable analyses adjusted for age.
Informed consent was obtained from all patients, and human experimentation guidelines in accordance with those of the National Health and Medical Research Council were followed in the conduct of clinical research. This study was approved by the University of Melbourne and The Alfred Hospital ethics boards (251/09).
RESULTS
Participation Rate
Interested individuals recorded their names on registers at festivals/events or contacted research staff after viewing advertisements. The names of 815 women were recorded, and 675 (83%) were successfully contacted by research staff; 608 (90%) were eligible and consented to participate, 31 (5%) declined, and 35 (5%) were ineligible Figure 1 . Of the 608 women sent a study pack, 458 (75%) returned ≥1 vaginal swab sample and questionnaire and were included in analyses. The majority were recruited from festivals (49%), followed by friend/partner referral (22%), and advertising via the internet (15%), universities (5%), health services (4%), night clubs (3%), and radio or/ magazines (2%).
Demographic and Behavioral Characteristics of the Study Population
The study population of 458 WSW comprised (1) Table 2 ). Compared with noncoenrolled WSW, coenrolled WSW were less likely to have BV (31% vs 23%; P = .07) and more likely to have NF (62% vs 67%; P = .08), although these associations were of borderline significance.
Most women (88%) returned all 3 vaginal swab samples, and the median interval between the first and last swab sample was 16 days (IQR, 14-20 days). The stability of NS category (all NSs within same category) was examined in women returning ≥2 swab samples (n = 428). Of these women, 375 (88%) were stable within the same NS category, which predominantly reflected stable NF (66%). Ninety women (21%) had stable BV, (13) 44 (17) 14 (7) ≤.01
Lifetime reported behaviors and conditions Douching 100 (22) 65 (24) 35 (18) .15 BV 96 (21) 64 (24) 32 (17) .06
FSP with BV 35 (8) 4 (2) 31 (16) ≤.01
Pregnancy 101 (22) 64 (24) 37 (19) . 22 Genital warts 42 (9) 25 (9) 17 (9) .84
Sex work 25 (6) 17 (6) without BV (41% vs 26%; P ≤ .01) but not more likely to report a moderate/heavy abnormal discharge (40% vs 38%; P = .76).
Demographic and Behavioral Associations With BV in the Study Population
Smoking exhibited a dose-dependent relationship with BV by univariate analysis, with the greatest risk for current smokers of ≥30 cigarettes per week (odds ratio, 3.6; 2.0-6.1; Table 3 ). Other FSP-related factors significantly associated with BV by univariate analysis included increased numbers of recent and past FSP, receptive oral sex, belief that a current FSP had BV, and being <18 years old at first sex with an FSP. Factors associated with BV related to Male sexual partners (MSP) included to male sexual partners (MSPs) included ever having penile-vaginal sex, receptive anal sex, or receptive oral sex; engaging in sex work; and a history of pregnancy. BV was not significantly associated with lubricant use, douching, or sex toy use. Importantly, there was no association between the NS category and menstrual cycle phase, with an equal distribution of BV cases (defined as first BV-positive swab sample) through the 4 weeks of the menstrual cycle (data not shown). At multivariable analysis after adjustment for age and clustering for couples, BV was associated with having ≥4 lifetime FSPs (adjusted odds ratio [AOR], 1.9; 95% CI, 1.2-3.1), having an FSP with BV symptoms (AOR, 2.9; 1.0-8.2), and smoking, with women smoking ≥30 cigarettes per week having the greatest risk (AOR, 2.7; 1.5-5.0). There was a borderline association between BV and increased numbers of recent FSPs, past genital warts, and pregnancy, but not with other MSP practices. Secondary analyses comparing NS categories 0-3 and 7-10 did not yield significantly different findings from the primary analyses comparing NS categories 0-6 and 7-10 (data not shown).
Factors Associated With BV in Coenrolled and Noncoenrolled WSW
Subgroup analyses were undertaken to see whether associations with BV differed between coenrolled and noncoenrolled WSW. of BV in coenrolled women. Given these findings, we also conducted multivariable analyses using interaction terms to assess the effect of coenrollment status on the association between each variable and BV in the study population (N = 458). In the far right column of Table 4 , each P value represents the interaction between each row variable and coenrollment status. Notably, a history of penile-vaginal sex was the only variable found to have a significant interaction with female partner coenrollment status (P < .009), indicating that only the association between BV and penile-vaginal sex differed between the 2 strata.
Factors Associated With Concordance for NS Category and BV in Coenrolled Couples
The majority of coenrolled couples (70%) were concordant for NS category, with most concordant for NF (56%), fewer for BV (14%), and none for IF (Table 5 and Table 6 ). Twenty-nine couples (30%) had a discordant NS category, which was mainly BV-NF (52%). When measured as concordant for BV or no BV (NS, 7-10 in both or 0-6 in both), 78 of the 96 couples (81%) were concordant for BV status, and 18 couples (19%) were discordant (NS, 7-10 in one partner and 0-6 in the other; κ = 0.47; P ≤ .01).
In the multivariable analysis, concordance for NS category was associated with being in a relationship for >6 months (AOR, 4.7; 95% CI, 1.4-16.4) and sexual contact more than once per month (AOR, 2.7; 1.0-7.1). Compared with couples in which ≥1 partner had BV, couples concordant for NF were more likely to have no history of BV in either partner (AOR, 2.9; 95% CI, 1.1-7.7), to have sex more than once per month (AOR, 3.9; 1.4-11.1), and to have neither partner smoke (AOR, 3.1; 1.0-10.0). In contrast, couples who were discordant for BV were more likely for ≥1 partner to have a history of BV (AOR, 4.1; 95% CI, 1.1-14.7) and more likely to have a relationship of <6 months (AOR, 8.2; 1.5-44.6) and sex less than once monthly (AOR, 4.6; 1.3-16.5).
DISCUSSION
Much discussion has surrounded the etiology and transmissibility of BV, and in the absence of a disease correlate in men, female partnerships provide a unique opportunity to study the influence of behaviors and relationships on BV and the vaginal microbiota of women. The WOW Health Study is one of the largest studies of WSW to be conducted at a nationwide level, with up to half the study population coenrolling with a longterm FSP. We found high BV prevalence estimates (27%) and concordance of vaginal NS category and BV between coenrolled couples, in keeping with international data (82%-95%) [16, 19, 21] . Importantly, this study highlights the strong influence of relationship characteristics on the vaginal microbiota of couples and indicates that relationship length and sexual frequency are key determinants of the alignment and concordance of NS category between female partners. Surprisingly, the vaginal microbiota, simplistically measured by NS, not only was very stable over the interval of sampling, but it also predominantly reflected NF. This was clearly influenced by the fact that half of our population were WSW in long-term monogamous relationships, and it suggests that the vaginal microbiota aligns over time with that of a monogamous female partner to reach some sort of homeostasis. Exposure to more FSPs and a partner with symptoms of BV were significant predictors of BV in WSW. Importantly, our data also show a dose response between BV and smoking after adjustment for age and behaviors, reducing the likelihood that this is due to confounding. Collectively, these findings indicate that BV is associated with key behaviors and smoking practices in WSW but that longerduration, sexually active monogamous WSW partnerships support a concordant stable and favorable vaginal microbiota.
Although studies of heterosexual women greatly outnumber studies of WSW, Marrazzo et al [15, 20] have been pivotal in raising awareness of the high BV prevalence and the contribution of behaviors to the vaginal microbiota of WSW. They have found that BV is associated with a range of sexual behaviors that efficiently transmit vaginal fluid, including sharing of sex toys, oral-anal sex, and receptive oral sex. Although our study captured detailed practices, these behaviors were common, often overlapping and highly correlated, making it difficult to examine independent effects of specific behaviors, and they often made no significant individual contribution to adjusted analyses. The 2 key behaviors that consistently increased the odds of BV in WSW at multivariate analysis were lifetime exposure to increased numbers of FSPs and having an FSP with BV symptoms, which concur with the findings of Marrazzo et al [15, 20, 21] . Conversely, WSW were less likely to have BV if they were in long-term, sexually active relationships, and for their vaginal microbiota to reflect concordant stable NF. Only a few couples were discordant for BV, but they are relevant when considering potential transmission dynamics of BV. Unsurprisingly, couples discordant for BV were more likely to have a short-duration relationship, more likely to have less-frequent sex, and more likely for ≥1 partner to have a history of BV. Overall these findings lend strong support to the concept of transmission of both "healthy" bacteria and BVAB between FSPs, and indicate that the longer-duration, sexually active partnerships contribute to alignment of a stable favorable vaginal microbiota in WSW couples.
Unexpectedly, exposure to MSPs also seemed to contribute to BV in this WSW population. BV was associated with a history of penile-vaginal sex in noncoenrolled but not coenrolled WSW, with noncoenrolled WSW having significantly more recent exposure to male partners. Published studies in heterosexual women certainly show that BV is associated with greater numbers of MSPs, lack of condom use, and lack of male circumcision and that BVAB are detected on the male genitals and influenced by circumcision status and sexual activity [9-13, 27, 28] . Collectively the WOW Health data indicate that exposure to male and female partners both impart risks for BV, although it is likely that there are sex-based differences in the relative efficiency of "exchange" and transmission dynamics of BVAB. An issue worth considering is whether the association between BV and sexual activity simply reflects disruption of the f This column presents P values generated by multivariate analysis using the whole data set (N = 458) and including interaction terms. Each P value represents the interaction between each row variable and the variable "coenrolled with a female sexual partner (FSP)." g Data for female partner reporting BV symptoms is available only for coenrolled women and is therefore presented only in the stratum for women coenrolled with a female partner. Note that the only significant interaction is between coenrollment with an FSP and a history of penile-vaginal sex (P = .009).
vaginal microbiota. Against this hypothesis are our data showing that more-frequent sex in WSW contributes to a stable favorable vaginal microbiota, and evidence that more-frequent penile-vaginal sex increases concentrations of protective hydrogen peroxide-producing lactobacilli [14] . Furthermore, in a recent trial, BV recurrence after treatment was doubled in women with the same untreated sexual partner and with inconsistent condom use but was not associated with sexual frequency, nor did frequency influence the overall findings when it was included in adjusted analyses [29] . BV recurrence after treatment in this trial was strongly associated with exposure to an untreated regular partner (usually male) and with lack of condom use, lending further support to the concept that alignment of the genital microbiota may also occur in sexually active heterosexual couples, as we are observing in lesbian couples. We report a strong dose-dependent association between BV and smoking in adjusted analyses. Published studies support this association, indicating that BV is twice as common in smokers as in nonsmokers, is dose dependent, and persists when known confounders are controlled for [17, 19, [30] [31] [32] [33] [34] [35] . Although the association could be due to unmeasured confounding, the dose response relationship suggests otherwise. Tobacco smokers are more susceptible to a broad range of bacterial infections, with active smokers and those exposed to secondhand smoke at increased risk [35] . This is not limited to respiratory infections but includes Helicobacter pylori, periodontitis, meningitis, and, importantly chlamydia and gonorrhea [35] . Cigarette smoke has been postulated to increase risk of infection by pathogenic/opportunistic bacteria through tobacco-induced physiological and structural changes, increase in bacterial virulence, and dysregulation of immune function, with comprise of neutrophil, monocyte, and T-and B-cell function [35] . Furthermore, smokers have lower estrogen levels in the midcycle and luteal phases of the menstrual cycle [36] . Recent data indicate that estrogen is protective against BV and plays an important role in maintaining a favorable vaginal microbiota through a range of cellular, biochemical, and immune mechanisms [37] .
Our study has a number of limitations. Although we recruited nationally, our population was self-selected, highly educated, and predominantly Australian born, and nearly half were coenrolled with their long-term FSP, which may limit the generalizability of our findings. The Nugent method was used to assess the vaginal microbiota. Although it is considered the current gold standard, it is a rudimentary measure of the vaginal microbiota. One limitation of the Nugent method is the management of women with IF; IF is an inherently unstable state, as demonstrated by our data, but a significant proportion of women with IF by the Nugent method may have BV by the Amsel method if it is also applied. Although we could only obtain NSs, a strength of our study is that by obtaining multiple samples we were able to capture movement between NS Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; FSP, female sexual partner; UOR, unadjusted odds ratio. a Up to 3% of participants may have missing data for some variables therefore proportions are calculated using available data. Concordance was defined as both partners in the same Nugent score category. b UOR allowing for clustering of couples.
c AOR allowing for clustering of couples.
d The UOR and AOR for the age variable show the association with concordance with each additional year of age (age as a continuous variable). categories. We could demonstrate that stable IF is rare and appropriately classify as BV positive women with IF who transitioned to BV. Further studies employing deep sequencing methods to fully characterize the vaginal microbiota will be conducted to confirm and extend these findings. As in all studies, reporting and social desirability bias may have influenced our findings, but to minimize these effects, participants completed questionnaires at home. The major strengths of our study are that it is a large nationwide study of WSW and incorporated 3 longitudinal samples at weekly intervals, providing robust evidence that the majority of NS categories were indeed stable states. This is the largest sample of coenrolled couples (n = 96) to have been published and provided a unique opportunity to examine the impact of relationships and behaviors on the vaginal microbiota of WSW. This large nationwide study of WSW provides evidence for a dynamic exchange of vaginal bacterial species between women and their partners, and indicates that the vaginal microbiota of women is modulated by their sexual behaviors, relationship characteristics, and smoking practices. Viewing these elements as important determinants of a woman's vaginal microbiota and developing a deeper understanding of how they influence the development of BV or maintain a stable favorable vaginal microbiota is highly relevant to the development of new interventions and improved management and preventive approaches for BV.
Notes
